We attempt a description of the recently discovered Z c,b states in terms of Feshbach resonances arising from the interaction between the 'closed' subspace of hadrocharmonium levels and the 'open' one of opencharm/beauty thresholds. We show how the neutrality of the X(3872) might be understood in this scheme and provide a preliminary explanation of the pattern of the measured total widths of X, Z c,b .
Introduction
After the most recent findings by BES [1] and Belle [2] , and after years of experimental research on X, Z exotic spectroscopy, we can rely on a set of well established states which present very similar features and pose a clear problem about their interpretation. The most studied is the X(3872), a 1 ++ state with apparently no close in mass charged partners. The X(3872) happens to be exactly at the D 0 D * 0 threshold -a very loosely bound state according to several authors. Most recently, very close to the D ± D * 0 threshold, but sensibly above it by about 20 MeV, a 1 +− charged state has been discovered: the Z ± c (3900) [1, 2] . Some hints of an almost degenerate Z 0 c neutral partner seem encouraging [3] . In spite of the positive binding energy, the Z c is described in several papers as a hadron molecule, a relative of the X(3872) [4] . The issue with molecules is wether nuclear forces between color singlets are enough binding to explain the large production cross sections at hadron colliders [5] . On the other hand such Van der Waals-like forces will not be flavor blind and could give rise to SU(3) and even SU (2) incomplete multiplets (as is the case of the X). Yet, are there alternative explanations of the X(3872) neutrality not relying on the complications of inter-hadron forces?
Sligthy above Z c , close to the D * D * threshold, another resonance, the Z c (4025) has been found, likely carrying 1 +− quantum numbers [6] . This state is above threshold as well, by about 5 MeV. It is still unclear if there are indeed two almost degenerate states observed in two different decay modes: D * D * and h c π, with similar widths.
However, the latter decay should imply P = −, if in S-wave. We shall assume here that there is only one Z c (1 +− ) state, decaying into h c π in P -wave. Similarly, there are two more 1 +− states, very close to BB * and B * B * thresholds:
Z b (10610) and Z b (10650) [7] . These look very much like the partners in the b-sector of Z c and Z c , but closer to their 'related' thresholds.
An alternative interpretation of the incomplete X multiplet
One of the most striking facts to deal with is that X has no charged partners, whereas Z c s or Z b s, are observed in three charged states. The Z c particle, its mass and quantum numbers, were predicted with surprising accuracy in the diquark-antidiquark model [8] together with a lower partner (which for the moment cannot be excluded). Unfortunately the tetraquark model, in its diquark-antidiquark incarnation, also predicts G = − charged partners of the X and an hyperfine splitting between two neutral X particles almost degenerate in mass. The experimental exclusion of charged partners is rather compelling, but not yet decisive [9] . In several papers all of these states are described in terms of hadron molecules
(1) Here we consider the hypothesis that the X, as well as Z resonances, are indeed compact tetraquark states of the kind ccqq, although we will not stick to the diquarkantidiquark description. The four quarks are free to rearrange in two ways: i) a closed charm configuration in which the J/ψ, or any heavier charmonium, is surrounded by light quak matter -what Voloshin calls an hadrocharmonium [10] , ii) an open charm configuration of two barely interacting D mesons [11, 12] . These two alternatives are superimposed and the compact tetraquark (as long as we can consider it as 'stable') is described by |Ψ = |Ψ P + |Ψ Q , P and Q being the labels of the Hilbert subspaces of open and closed charm states respectively.
We assume that the hadrocharmonium system admits bound states giving rise to a discrete spectrum of levels. A resonance occurs if one of such levels falls close to some open-charm threshold. An interaction between these two channels is understood.
The level we name as 'J/ψ ρ' has 1 ++ quantum numbers: it consists of a cc pair with the quantum numbers of the J/ψ and a light component with the quantum numbers of the ρ, held together by hadronic Van der Waals-like forces. The masses of the two components do not have to be a priori equal to the masses of the 'constituent' hadrons, here J/ψ and ρ. On the other hand, note that J/ψ ρ 0 would have a mass of 3872 MeV if the masses of the two constituents were just summed. If the closest hadrocharmonium level in the Q subspace happens to be above the onset of the continuum spectrum of levels in the P subspace, the coupling between channels gives rise to an attractive interaction and favours the formation of a metastable (Feshbach) resonance at the hadrocharmonium level. The effect is enhanced the smaller the difference in energy E − E th , E being the bound state level and E th the open-charm threshold energy [13] . The Feshbach phenomenon is therefore the formation of a resonance in the 'scattering' between different internal tetraquark states.
Because of the interaction between channels P and Q we expect level repulsion and a consequent increase of the detuning parameter ν = E − E th , represented in Fig. 1 . If the unperturbed detuning between the J/ψ ρ ± level and the D ± D * threshold is small and negative, as one might guess using naively the central values of the masses of the constituent mesons (M (ρ
, the interaction between channels will tend to make it more negative. On the other hand, as stated above, this would give rise to a repulsive interaction (the Fermi scattering length a gets a positive correction) likely destabilizing the system and favoring its fall-apart decay. In this case, a bound state solution could be found if the open channel had discrete levels. Indeed such solution would predominantly be in the open channel with a radius ∼ |ν| −1 ≈ 40 fm, much larger than in the original closed channel. We might infer that no charged partners of the X have been observed because of these reasons.
The coupling between the P and Q subspaces, described by some H QP Hamiltonian term, appears in the expression of the scattering length
where C is some (positive) constant and a P is the scattering length (at zero energy) when coupling between open and closed channels is neglected. Including higher order terms, leading to H QQ interaction terms, the energy of bound states gets shifted (real part of the correction) and a width is introduced (imaginary part) if decay into open channel is possible (into levels higher than the threshold one): a metastable state is formed. The last term in the scattering amplitude will then be ∝ 1/(ν + iΓ/2). For Γ |ν| the scattering amplitude has a steep 1/ν behavior otherwise, for Γ/2 |ν|, the divergence is smoothed. Consider also that the actual detuning ν has been shifted from the unperturbed one (being larger in absolute value).
In the case of the X, given that the unperturbed detuning is ν ∼ 0 (assuming the mass J/ψ ρ 0 to be 3872 MeV), the second order correction to the energy level should be proportional to lim →0 ffl 2 0 dν|f (ν)| 2 /(ν − ) = 0 * . This should leave the detuning small, ν → 0 + , enhancing the Feshbach resonance phenomenon and making the X a metastable state with very long lifetime † -being essentially driven by the instability * The integral is in the sense of the Principal Value. The function f (ν) has to be some regular function in ν. Consider that the less prominent term corresponding to J/ψ ω in the closed channel could also be taken into account although the most simple approximation is that of reabsorb all the non-resonant closed channel states (including the continuum) in a N R .
† A Feshbach mechanism between the open charm spectrum and the χ c1 (2P ) charmonium level was first proposed in [12] to explain the narrowness of the X(3872). More precise estimates for the mass of the χ c1 (2P ) made this hypothesis unlikely.
of D * , Γ D * ∼ 100 keV. In this sense the X is a particularly fine-tuned state and we do not expect to have its analog in the beauty sector.
Z ( )
c and Z
( ) b
The same line of reasoning could apply to the charged states. The quantum numbers of the Z c are 1 +− , thus we could choose a hidden charm combination ψ(3770)π 0,± which falls about 10 MeV above the Z c mass. This could be the reason why this resonance, differently from the X(3872), is observed in all charged states. Moreover, for the reasons discussed above, we expect it to be broader than the X. In fact Z c has a total width of ≈ 50 MeV to be compared with Γ X 1 MeV.
As for the Z c we might consider a h c (2P )π hadrocharmonium level. The h c (2P ) has not been observed yet but its mass, according to a rough order of magnitude estimate, might be found with the h c (1P ) + h b (2P ) − h b (1P ) mass formula (locating h c (2P )π at 4025 MeV, just a few MeVs above the threshold value D * D * ± at 4017 MeV). As a caveat we notice that the h c (2P )π hadrocharmonium level would have negative parity if no unit of orbital angular momentum is introduced. The decay Z c → h c (1P )π, if confirmed to be P -wave, would support this hypothesis ‡ . As we do not yet know the hadrocharmonium spectrum, one might wonder how the scheme here described might be preliminarily tested. As a first step we apply the Feshbach formalism to estimate the width of the states. According to the Fermi golden rule, the width of a metastable Feshbach resonance, with ν > 0, has to be proportional to the density of accessible levels dn/dE thus leading to Γ A √ ν: when ν → 0 + the two channels will be strongly hybridized and the resulting metastable state be very narrow § . Hence, the detuning for Z c is ν ≈ 20 MeV and Γ exp 46 ± 22 MeV. This would lead to A 10 ± 5 MeV 1/2 . As for the Z c , the detuning is roughly estimated to be ν ≈ 9 MeV, which would then lead to Γ ≈ 29 ± 16 MeV, using A computed above. The measured width is Γ exp 24.8 ± 9.5 MeV (at a mass of 4026 MeV in the decay channel D * D * ), sensibly smaller than the measured width of Z c and in good agreement with our simple estimate. This is also compatible with the Z c → h c π ‡ On the other hand, orbital angular momentum could have the effect of rising the mass of the state. § The width formula is, for ν > 0, given by Γ(ν) ∼ √ ν c ν where the critical value of the detuning ν c is a function of the details of the potentials involved, including the hybridizing one. Narrow width approximation would require Γ(ν) ν. We have to relax it to Γ(ν) < Cν where C is some positive constant; in other words we need ν > ν c /C 2 . In our computation (see the text) we estimate a critical value ν c ∼ 100 MeV, thus C ∼ 2 is sufficient when considering the Z ( ) c , but we would need C ∼ 10 for the Z ( ) b . If ν < 0 and the open channel admits discrete levels, one can indeed find a bound state in the open channel. We assume to be in the conditions where the open channel has no discrete levels, i.e. the pion forces are not enough binding [14] .
channel, having a mass of 4023 MeV but a width of Γ exp 7.9 ± 3.7 MeV.
Under the hypothesis that the quantum numbers of Z b and Z b are 1 +− , we might conjecture that the two closed charm states are χ b0 (1P )ρ and χ b1 (1P )ρ, with a unit of orbital angular momentum to give the overall positive parity. Both combinations would be only slightly higher than the related BB * and B * B * thresholds (the effect of the orbital motion on the mass of these hadrobottomonium levels should be estimated). In the case of Z b and Z b the detunings are roughly ν = 2.7 MeV and ν = 1. 
Conclusions
We confront with the problem of the absence of charged partners of X(3872) and with the recent findings on the Z c s and Z b s resonances. We attempt a description of all these states as Feshbach resonances arising in the scattering between internal states of a tetraquark configuration. We distinguish between a closed subspace of hadrocharmonium levels and an open subspace of open-charm thresholds. There could be only a few hadrocharmonium-like states almost matching open charm thresholds. The most perfect match is that realized by the D 0 D * 0 threshold with J/ψ ρ 0 , which we refer to as the neutral X. The J/ψ ρ ± might fail to match D ± D * 0 , being below it, and a metastable state might be forbidden. Few more matchings can be found corresponding to Z c s and Z b s. We relate a parameter of the Feshbach resonances, the detuning, to the observed width of the states, reporting some interesting agreement with data.
